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Abstract
Within the HU University of Applied Sciences (HU) the department HU Services (HUS)
has not got enough insight in their IT Service Management processes to align them to
the new Information System that is implemented to support the service management
function. The problem that rises from this is that it is not clear for the HU how the
actual Incident Management process as facilitated by the application is actually
executed. Subsequently it is not clear what adjustments have to be made to the process
descriptions to have it resemble the process in the IT Service Management tool. To
determine the actual process the HU wants to use Process Mining. Therefore the
research question for this study is: ‘How is Process Mining applicable to determine the
actual Incident Management process and align this to the existing process model
descriptions?’ For this research a case study is performed using Process Mining to check
if the actual process resembles like the predefined process. The findings show that it is
not possible to mine the process within the scope of the predefined process. The event
data are too limited in granularity. From this we conclude that adjustment of the
granularity of the given process model to the granularity of the used event data or vice
versa is important.
Keywords: Process Mining, Data analysis, ProM, BPMN, Incident Management

1 Introduction
Recently a new IT Service Management tool has been introduced at the HU,
department HUS. HUS is responsible for handling the IT service incident records of at
least 2.700 Full Time Employees (FTE) and almost 37.000 students (HU, 2014; HU,
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2014b). HUS is looking for options to manage their business processes more rapidly
according to a Plan, Do, Check, Act-cycle (Deming, 1982). With the new tool TOPdesk
(the former was HP Service Desk) HUS wants to support their ITIL ‘Information
Technology Infrastructure Library’ processes. However currently it is insufficiently
known how well the ITIL processes are supported by the application. Therefore it is not
clear what adjustments have to be made to the process descriptions (as part of ITIL) to
fit to the IT Service Management tool. To align TOPdesk to the ITIL process descriptions
HUS needs more insight into the actual processes. To determine the actual processes
the use of Process Mining is proposed.
Process Mining is a discipline between machine learning and data mining on one side
and process modeling and analysis at the other (Aalst, 2011). It is a relatively young
field of study that enables the discovery, monitoring and improvement of processes. In
Process Mining this is done by studying event logs, which are subsequently converted
to a process model via Process Mining Software (Aalst, 2011). The results can then
automatically be compared with existing process models (Aalst, 2011).
Because Process Mining is a relatively young field of study and never used before
within the HUS, this research is focusing on the applicability of Process Mining for
determining the actual processes within HUS. One of the processes of IT Service
Management is focused on managing incidents (IT service incident records). The
Incident Management (IM) process describes how to ‘log’, control and organize the
following-up of service incident records (Bon, et al. 2007). The logging of incidents in
HP Service Desk results in event data that is used in this study.
Based on the above the research question is: How is Process Mining applicable to
determine the actual Incident Management process and align this to the existing
process model descriptions?
The goal of this study is to create a list of relevant points of attention to make the
applicability of Process Mining better.
The remainder of this paper is structured as follows, in the next section the research
approach that was followed is described. In section 3 the concepts of this research:
Business process, Process Mining and applicability are discussed. Section 4 describes
the results of the case study. This includes the comparison between the described and
actual process and subsequently the gap analysis that results in an enumeration of
possible adjustments. Conclusions and recommendations for further research are
provided in section 5 and the limitations are listed in section 6.

2 Research Approach
As mentioned above this research is intended to result in a validated enumeration of
applicability factors. Since such an enumeration is essentially an artefact that requires
designing, a design research approach was chosen (Hevner, et al. 2004). In Figure 1 the
sub questions and corresponding results related to the research approach are shown.

76

The applicability of Process Mining to determine and align process model descriptions

Figure 1 – Research approach (cf. Hevner, et al. 2004)

In relation to the design research method (Hevner, et al. 2004) the process owners and
experts are representatives of the environment. The process owners and experts are
interviewed to discover the predefined process as well as the currently defined
performance indicators.
With the existing knowledge base (Hevner, et al. 2004) of this study the key elements
of this research are operationalized: business process (predefined and actual), Process
Mining and applicability. With a literature research these elements are defined and the
applicability factors are listed. Also available within the organization is a sufficient
amount of data that is needed for Process Mining. The data (event logs) used in this
research is gathered during the 7 years that HP Service Desk was used (from 2008 –
2015).
After the key elements of this research are defined and the current process is
described, the study continues with ‘discovering’ the actual process. For this the event
logs are used for Process Mining. Subsequently ‘conformance checking’, i.e., “Is there a
good match between the recorded events and the model?” (Rozinat & Aalst, 2008), is
done to compare the actual process with the predefined process. The above describes
the IS research phase of design science (Hevner, et al. 2004), here the findings of the
environment will be compared with the results of the knowledge base. Based on this a
list of Process Mining applicability factors is developed and validated.

3 Theoretical Foundations
In order to define the concepts of this research (Business process, Process Mining and
applicability) a literature study is performed. Both scientific and professional literature was
explored using different digital libraries available via the university and Internet.
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3.1 Business Process
A business process is often shortly and succinctly defined (Lindsay, et al. 2003).
Jacobson (1995) describes a business process as “The set of internal activities
performed to serve a customer”. Hammer & Champy (1993) state that a business
process is a “Set of partially ordered activities intended to reach a goal”, while Bon
(2012) says that a process is made up of structured activities that create a certain goal.
Yet another definition of process is given by Maříková, et al. (2015): “A business
process is a set of activities that change input into output for other people or
processes by using human resources and tools”.
For this research it is needed that both process descriptions (actual and predefined)
have the following elements in common:
- The goal (IM process)
- The start and finish (Received and closed incident records)
- The set of activities
Based on this and the above definitions the following definition of a business process is
formulated:
A business process is a set of activities, changes or functions that change input into
output by using human resources and tools to reach a common goal.
Business processes can be described and modelled (Rolland, et al. 1999). For instance
with BPMN, which is a Process Modelling Notation with the primary goal to be
understandable by all stakeholders of the process (White, 2004).

3.2 Process Mining
To gain more insight into the information, activity and material flow within the process
there are several methods such as mind mapping, assessments and audits (Brown, et
al. 2011, Mento, et al. 2002). These methods need the input of, for instance, process
owners and experts. Process Mining can be considered as a search for the most
appropriate process out of the search space of candidate process models (Aalst, et al.
2005), or it can be seen as a tool in the context of Business Activity Monitoring and
Business (Process) Intelligence (Dongen, et al. 2005). Process Mining uses event data
as an input to discover process models and actor interaction networks (Caetano, et al.
2015). In this study the applicability of Process Mining is tested. Kettinger et al. (1997)
say that there are methodologies, techniques and/or tools to manage Business
Processes. Here we use the following definition of Process Mining:
Process Mining is a technique for analyzing event logs to discover a process model and
to use the derived model for conformance checking (Aalst, et al. 2007; Aalst, 2011).
3.2.1 Types of Process Mining
Three types of Process Mining can be distinguished (Aalst, 2011; Aalst, 2011b):
1. Using event logs to discover a process (process discovery),
2. Using event logs to analyze differences between a discovered process and the
predefined process (conformance checking),
3. Using event logs to repair / extend a predefined process (model enhancement).
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During discovery the event logs of the process are ordered sequentially by unique
events. By comparing or plotting the steps of the unique events (activities) a process
model can be created. In this way an organization can depict an ‘actual’ process in an
organization. With discovery it is possible to see which activities are visible in the data
based on event logs (Aalst, 2011b).
The results of the discovery can be compared with the existing process model
descriptions. In this comparison, the researcher looks for differences between the
discovered process model (actual process model) and the predefined process model.
So Conformance Checking gives the organization an insight if the organization is
following the same path as the process model (Aalst, 2012).
When checking the process, one seeks for deviations between the actual process and
the predefined process. In the improvement of the process, the data from the event
logs is used to improve the process. In both scenarios, the event logs and the process
model are compared. Finally according to Aalst (2011) there are two ways to improve
processes with Process Mining:
1. Repair: adjusting the predefined process model to the actual process.
2. Extension: extent or adjust the predefined process model to the desired
process.
3.2.2 Process Mining Software
Currently there are several tools for Process Mining available, amongst them Celonis,
Disco and ProM. At the moment only ProM is commonly used for (scientific) research.
ProM is being developed at the Technical University of Eindhoven. ProM is a
framework for a wide range of Process Mining algorithms. The software tool is open
source and not supported by a commercial party. In this study ProM is used, because
of the rather large number of algorithms it provides for analysis and the fact that
Conformance Checking is supported (Kebede, 2015).
Within ProM event data can be analyzed in different ways by the use of various plugins
(packages) in the program. At present, ProM has packages in which different input
types (for instance CSV files) can be converted into XES (Extensible Event Stream)
within ProM. So there are less strict requirements for input data (event logs) compared
with Celonis and Disco. In addition, there are ProM packages available that support the
use of Business Process Model and Notation (BPMN). These packages are necessary if a
conformance check must be made based on BPMN diagrams (Kebede, 2015). Another
package is Inductive Visual Miner.

3.3 Applicability
HUS is looking for methodologies, techniques and/or tools (Kettinger, et al. 1997) to
manage their business processes. Recently Business Process Management (BPM), a
‘method’ to manage business processes horizontal through an organization, is getting
more attention, specifically the use of BPM Information Systems (Westelaken, et al.
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2013). Process Mining is expected to fit the goals of HUS to rapidly analyze, design and
simulate processes. Therefore the Process Mining techniques will be used to improve
or redesign the IM process. Considering the three types of Process Mining (process
discovery, conformance checking and model enhancement) the applicability of Process
Mining can be tested for the ‘plan, do and check’ (Deming, 1982) stages. Subsequently
the ‘act’ (choosing and realizing optimizations) will be performed by humans. This
means that if the next three stages are known the applicability of Process Mining will
be answered:
1. (plan) Which requirements are needed before process discovery is possible?
2. (do) Which requirements need to be fulfilled before conformance checking can
be done?
3. (check) What needs to be known before process optimizations can be
proposed?

4 Results
4.1 Incident Management Process and Indicators
To gather detailed information of the predefined process and performance indicators,
qualitative research was done. Within HUS the responsibility for the IM process is
appointed to one expert. Two interviews took place with this expert of approximately
1 hour each. The first interview was an explorative interview (semi-structured) to
verify the predefined process in BPMN. The second interview was also semi-structured
with the purpose to verify the outcomes of the actual process and to accumulate the
Key Performance Indicators (KPIs) for the IM process. Besides these interviews a
meeting with eleven stakeholders with interest in IT Service Management processes
and contact with the Senior Advisor Process Management HU was organized to
validate the process descriptions and to derive possible KPIs. Off all meetings minutes
have been taken. The content of the minutes have been read and approved by the
respondents. The minutes of these meetings are available in Dutch upon request to
the authors.
4.1.1 Predefined process
The current processes are developed via several stakeholders meetings in 2013 that
are organized by the HU ‘process management team’ (Process Table, 2015). These
predefined processes show how the IM processes of the HU should look like according
to the process stakeholders. Because all employees must understand the predefined
process and not everyone can read a process modelling notation (Joku, 2015), the
predefined processes of HUS are simple and displayed in a free format process
notation.
ProM does not have the ability to read free format process models, but it has the
ability to read BPMN diagrams. BPMN is ratified as an official industry standard
through the standards body Object Management Group (Recker, 2012). The internal
representation of BPMN diagrams within ProM are Petri Nets (Petri, 1962). A Petri Net
is a directed bipartite graph which behaves like a Nondeterministic Finite Automaton
(Hopcroft, et al. 2006).
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Because of the above the predefined process is converted into BPMN. During the
conversion, the contents (activities) of the predefined process have not been changed
and the BPMN drafts were verified by the expert of HUS (Kramer, 2015). The verified
predefined BPMN process model is attached in appendix 1.
4.1.2 Performance Indicators
To optimize the IM process it is important to establish a baseline with relevant KPIs. To
determine these indicators this topic was part of the interview with the HUS expert
(Kramer, 2015) and during a stakeholder meeting that was organized on the 25th of
November 2015. In both the interview and the meeting it was determined that there
are currently no (relevant) KPIs defined for the IM process. Therefore the annual
report of the HU (HU, 2014) was analyzed to derive KPIs that are relevant for this
research. Unfortunately no relevant KPIs were found (HU, 2014). Therefore it is not
possible to determine which process optimizations will have the most impact based on
KPIs.

4.2 Process Analysis and Alignment
4.2.1 HP Service Desk process
For the actual process model the event data of HP Service Desk is used. During the
process of preparing the event data a selection is made to determine which database
fields are exported. As HR and Security related information is sensitive (privacy issues)
these were omitted. Furthermore as the predefined process was developed in 2013,
only the data of 2014 and 2015 is used.
The output was a tab separated text file. Changing the text file to a semicolon CSV file
is done in Microsoft Excel. A Python script is used to remove damaged lines. The script
secures the possibility to edit every bit of data in the same way. The Python script is
available upon request to the authors.
The filtered CSV files are imported in MySQL (version 5.6.24) database tables,
separated by year. The structure for every table is the same, see appendix 2. VARCHAR
255 is used for almost every field to make sure every piece of data is correctly
imported. To make sure no data is lost during the analyses process a view table is
created to visualize and check the data. The query that is used for making the view
table is added in appendix 2.
The database data is exported to a CSV file. The CSV file is imported in ProM 6.5.1.
With the help of the Inductive Miner package a BPMN draft of the actual process is
made (figure 2).
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Figure 2 – Actual process based on the event data of HP service Desk from 2014 - 2015

Besides the actual process (figure 2) an overview of the main attributes that are logged
in HP Service Desk is described, including an explanation.
Incoming incident
Incident records are received by phone, email or any other means of communication.
This is logged within the event data. For the predefined process the used channel is
not relevant, since every incident record must be handled in the same manner, despite
the communication channel.
Assigning incident
When an incident record is logged by first line support, it could be assigned or reassigned to a workgroup, this is called ‘to workgroup’. It is not logged why it has been
(re)assigned to a workgroup, therefore it is not possible to determine if the incident
record was re-assigned due to a mistake or because it was needed to solve the incident
by another department.
Logging status
A status change is logged, but it does not show where in the process an incident record
is. For example, when the new status is ‘waiting for customer’, it might be the case
that the incident record is waiting for input because of lack of information to solve the
incident or the service desk employee needs the customer to confirm that the incident
is fixed. It is possible to see when an incident record has to wait for a supplier or
customer, but without reason it is impossible to say why a customer or supplier is
needed.
Category
The attribute ‘category’ shows to which category the incident record belongs (for
instance ‘Incident’, ‘Question’ or 'Procurement’). As changes of category are not
logged it is not possible to determine if changes are made due to earlier mistakes or
whether there is another reason.
4.2.2 Predefined and actual process
Evaluation of a model based on an event log analysis can only be done accurately if the
behavior that the model allows is well-defined. ‘Deviations’ are a crucial part of the
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evaluation. They show precisely what parts of the model deviate with respect to the
log or vice versa. Two types of deviations have been identified (Adriansyah, 2014): if a
trace contains an event that is not allowed by the model, it is a log move; if the model
requires an event that is not present in the trace, it is a model move (Leemans, et al.
2014).
Five differences can be described between the predefined and the actual process.
These results were verified by the HUS expert (Kramer, 2015b) and by analyzing the
categories in the event logs.
The following three model moves are found:
1. The event logs are not logging the reason why an incident record has been
forwarded to another user or department. For example, when an incident
record has been assigned to the wrong user or department. Or when the first
assignee has done his job and needed to forward it to the next department to
solve the incident. That is why it is not possible to say why an incident record
has been forwarded to another user or department.
2. In the predefined process a distinction is made between the functional owner
and other control groups. The actual process is not showing these distinctions,
so it is not possible to say anything about the control groups.
3. It is possible to see when an incident record needs input from the customer,
but the reason why is not logged. So it is not clear if the incident record needs
more input about the incident or a user is asked whether the provided incident
resolution has solved the problem.
The following two log moves are distinguished:
1. When an incident record is registered the communication channel is logged (for
instance phone, or e-mail).
2. The event logs shows when an incident record needs to wait on a supplier.

5 Conclusion and discussion
For this study the following research question was formulated: ‘How is Process Mining
applicable to determine the actual Incident Management process and align this to the
existing process model descriptions?’
As described in 3.3 the applicability op Process Mining is studied according to the three
stages of Deming (1982). Based on this several results were found. First of all, if there
is no strict process modeling language used to describe processes (such as e.g. BPMN)
it cannot be imported into ProM (and many of the other tools). This means such
processes need to be converted first before any analysis is possible.
In addition, in this case study differences between the predefined process and the
event logs are found. Three elements are not displayed in the event logs and two
elements are not displayed in the predefined process. It appears the data used for the
actual process does not have enough depth. This is why a very small part of the
predefined process is seen. The steps in the process that are seen, match more with an
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information flow as the ‘human’ steps in a process. The difference between the
predefined and actual process is based primarily on a difference in granularity. The
predefined process is developed with manual activities in mind while the actual
(mined) process is based on the automated information flow. Based on this we
conclude that the ‘quality’ of the data that is to be used for Process Mining is very
important.
Furthermore this research shows that HUS has no (relevant) KPIs formulated for the IM
process. Our advice would be to look for ITIL KPIs, for example via ITIL Wiki (Kempter &
Kempter, 2007). KPIs are relevant for the Check stage of the PDCA cycle, because
without baseline measurements improvements cannot be made visible.
We conclude that in this case study context three things need to change to improve
the applicability of Process Mining:
1. (plan) The process models need to be described in a standard modelling
notation such as a BPMN format.
2. (do) The event logs need to be aligned with the process so the process steps
are logged besides the desired information and the ‘quality’ of the event data
will improve.
3. (check) The KPIs of the process needs to be formulated. Without KPIs it is not
possible to check (Deming, 1982) if the process is performing conform the
expectations.
The results have been presented at the Process Table of January 2016 (Process Table,
2016). The stakeholders acknowledge the findings. So in the current situation Process
Mining is not yet applicable. If HUS wants to use Process Mining techniques in the
future, than HUS is advised to standardize their process descriptions. During this
conversion the information layer with its specific data definitions should be taking into
account. Each step of the process needs to be logged. Only then the entire process
flow can be retrieved out of the event logs. Documentation should be written which
explains what is logged, referring to the described process. Finally, HUS has to
formulate KPIs, which can be used for decisions concerning optimization.
Because this research is based on a single case and validated within the scope (HUS),
the results are not easily generalizable to a broader scope. Still the findings of this
study include points of attention for other organizations that want to start with
Process Mining. To create more knowledge on this topic we recommend further
research on this matter within different environments. Also we suggest to do further
research on how process steps can be logged within the IT systems. New
developments (data visualizations, or use of statistics) can perhaps help on this matter.

6 Limitations
The data for this study is supplied by HUS without involvement of the researchers. The
research team did not have direct access to the data. At all times the data gathering in
the system had to be carried out by an intermediary. Therefore there might be issues
with the data quality that cannot be determined by the researchers.
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Another limitation is that the research group did not know which data was available.
The only way to determine whether data was available was to inquire if certain data
exists. Besides that, there is also data that was not provided. This is to protect the
privacy of the staff, students and other stakeholders and prevent unintended spread of
security issues. With this we refer to the data of HR group and log rules on the security
of HU systems. Therefore the research team does not exactly know how much data is
missing.
As stated this case study used only data from HUS. The statements are therefore about
HUS and not about processes of Incident Management in general.
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Appendix 1: Predefined process Incident Management BPMN
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Appendix 2: Data
Name

Type

Servicecall.Id

int 11

Impact

varchar 255

Priority

varchar 255

Category

varchar 255

Closure Code

varchar 255

Creation (Date only)

varchar 255

Actual Finish (Date only)

varchar 255

Attribute Name

varchar 255

New Value

varchar 255

Created

varchar 255

Workgroup Name

varchar 255

Rel Changes.Id

varchar 255

Rel Incidents.Id

varchar 255

Description

varchar 255

Accountable Duration

varchar 255

Priority-Duration

varchar 255

Actual Finish (Date & Time)

varchar 255

Created (Date&Time)

varchar 255

Creation date (Date & Time)

varchar 255

Table 1: MySQL table structure

Name

Type

Servicecall.Id

int 11

Category

varchar 255

Event

text

Created

datetime

Table 2: Structure MySQL view table
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select `hu`.`2015`.`Servicecall.Id` AS `Servicecall.Id`,`hu`.`2015`.`Category` AS
`Category`,(case when (`hu`.`2015`.`New Value` like 'Steunpunt%') then
concat(`hu`.`2015`.`Attribute Name`,' - ','Steunpunt') when (`hu`.`2015`.`Attribute
Name` like 'Medium%') then convert(concat('Medium') using latin1) else
concat(`hu`.`2015`.`Attribute Name`,' - ',`hu`.`2015`.`New Value`) end) AS
`Event`,str_to_date(`hu`.`2015`.`Created`,'%d-%m-%Y
%H:%i:%s')
AS
`Created`,`hu`.`2015`.`Workgroup Name` AS `Workgroup Name`,`hu`.`2015`.`New
Value` AS `New Value` from `hu`.`2015` where ((`hu`.`2015`.`Created` is not null)
and (not((`hu`.`2015`.`New Value` like 'No'))))
Table 3: Query MySQL view table
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